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WAS THE MAGNETIC WAKE OBSERVED BY "IMP=-1"
LUNAR OR TERRESTRIAL ?*

Geomagnetizm i Aeronomiya ' by K.G. Ivanov
Tom 5, No, 4, 751~ 753,
Izdatel'stvo "NAUKAW, 1965

SUMMARY

Comparison of findings by preceding authors and the examination
of ground and IMP-]l data, make it difficult to assume that IMP-1 crossed
the lunar magnetosphere, whereas the ground data do not exclude the possi-
bility that the magnetic wake of the Earth, directed upward along ths
solar plasma flux, would contribute notably to phenomera observed on IMP=1
‘at sub=-Alfvén flow past the Earth's magnetosphere. "

*
* *

According to contemporary representations, the magnetosphere 1is
formed on the night side of the Earth under the action of such factors as
the dynamic and static pressures of solar plasma, the effective viscosity,
the pressure of the interplanetary magnetic field and the counterpressure
of the geomagnetic field by the magnetosphere plasma and the hydromagnétic
radiation [1 — 6]. The cosmic experiments on the night side of the Earth
are satisfactorily explained within the framework of these representations
[7, 8]. At the same time, these representations are sufficiently general to
be utilized for the investigations of the magnetospheres of other planets

and in particular of the Moon. One then might also expect that the scales of -

the lunar magnetosphere are relatively small, for the magnetic moment of the
Moon is quite small [9]. In connection with this, the assumption of IMP-l
passage through the lunar magnetosphere is met with difficulties, for it
leads to a substantially greater magnetic moment of the Moon than in the
direct experiment [9].

* LUNNYY ILI ZEMNOY MAGNITNYY SIED NABLYUDAL IMP-1l ?




According to [10], the extension of the lunar magnetosphere, s
reaches 150 Ry (Ry being the radius of the Moon), and half of the angle
at cone summit is @& ~ 11°, If we admitted that the entire magnetic field
flux is carried beyond the surface of the Moon into the "tail' of the magne-
tosphere by the solar wind, the lower limit of the magnetic moment of the
Moon, My is by its order of magnitude to Ry H(s tg «)2, which at field in-
tensity ~ 10Y in the lunar "train" would be leading to My k& +10°7 CaSM.
The estimate of the upper limit of My [9] should be corrected for the effect
of solar wind [12]. However, this correction is equal to only 30%, since
the concentfation of protons and the velocity 1f the wind during the period
of measurement were respectively n ~ 10cm™>, ¥ = 500km/ sec [13], that is,
M, < 10°1caSM. This value of My does not rule out the possibility of
IMP-1 passage through the region behind the shock wave front and through
the magnetohydrodynamic wake of the Moon [10, 11]. However, one must be
very careful when referring to this possibility, for two subsequent attempts
to detect the wake of the Moon had led to negative results [11].

Besides, one may assume that the observed phenomena were caused by
perturbation spreading from the Sun, or represented the magnetohydrodynamie
wake o0f the Earth, directed upward along the solar plasma flux. It is well
that sub-Alfvén flow of viscous fluid v<v,= H/( nm)# there. forms a 'wake
of a solid directed upward along the flow of the incident plasma [14]. It
may be assumed that there exist in space, at separate periods, a sub-Alfvén
flow of the solar wind, and that the perturbations, generated by the effect-
ive viscosity at magnetosphere boundary [15], form a magnetohydrodynamic
trace of the Earth, spreading upward along the solar wind flow. The forma-
tion of such a wake could have taken place also during the period of obser-
vations on IMP-1l of anomalous events in space. There was no possibility of
verifying this assumption, for the data on plasma have not been published
as yet. However, a series of data do corroborate the possibility of such an
interpretation. Thus, during the period of these observations, the magnetie
field was somewhat above the average value, equal to 4 =7 Y [10], and
reached during one of the periods 14,6 Y, which, at other equal conditionms,
might have increased Yy by 2 to 4 times, and thus facilitéte the transfer
from super-Alfvén to sub-Alfvén flow.
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It should be noted that in December 1963 other events were obéerved
in space, having criteria inherent to events at sub-Alfvén flow. On 20 Decem-
ber, the fast shock wave ahezd of the magnetosphere was absent [10, Fig.21],
which could have taken place at sub-ilfvén flow past the Zarth's magnetosphere.
At that time the field in the space was 9 = 12 Y. On 2 December a sudden com-
mencement was observed, which had either formed at passage of a tangential
break, or of a complex break, constituting a combination of a slow shock wave
with a rotary break. A similar break is formed at sub-Alfvén flow [14],

Comparison of the magnetograms for 14 — 15 December, obtained on IMP-1
and by ground stations, points to the similarity of IMP-1l and a series of high-
latitude observatory readings.

To perturbations in space corresponded perturbations on Earth, with
at the same time the field in space being most perturbed in the periods of
stronger disturbances on Earth (for example, the bay between 12 00 and 16 00
hours U,T., on 14 December), and even registration gaps occurred on the IMP-1
‘magnetograms [11]. The most striking pulse on the IMP-1 registration ( near
01 00 hours UT on 15 December) was also noted by a series of high-latitude ob-
servatories (Fig. 1). In this figure |¥| is the total vector of the magnetic
field, YSE is the component of the interplanetary field in the dextro-helical
solar-ecliptical system of coordinates, whose axes X and y are respectively
directed at the Sun and toward the southern ecliptic pole; X, Y,Z, Hy, D are
the components of the Earth's magnetic field.

In order to verify the assumption of sud-Alfvén flow of the solar
wind during this period, we measured the onset time of this pulse on Earth
and in space, Had the pulse been the initial pulse of Earth's wake directed
upward along the flow, that is the pulse, occurring at magnetosphere boundary,
it should have been observed on Earth 2 to 3 rinutes earlier than in space,
at distance of 30R from the Earth's center, for the path time of the
hydromagnetic wave from the magnetosphere boundary to the Earth's surface
is ~ 1 minute [16], and to IMP-1, at sub-Alfvén flow and V ~J 500~ 700 km/sec
it is near 3 to 4 minutes. To the contrary, if this pulse had arrived on
Earth from a distance of 30R at daytime side of the Earth, its onset in space
should have been observed 3 to 4 minutes earlier than on Earth. Obser-
vation data point to the fact that this pulse was apparently observed on the

Earth's surface somewhat earlier than in space. Compiled in Table 1 are the



resvlts of determination of the onset of this pulse from magnetograms of

six ground observatories and of IMP-1 (t,).
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Fig. 1

The pulse began on the ground at 01 14% *% min. The data of IMP-1,
brought out in [11], do not allow to determine accurately the onset time of
the pulse in space, for they are plotted according to the mean values for
intervals of 5.46 min, duration. However, it is obvious that the pulse either
began at the beginning of the 15th interval, after 00 00 hours UT on 15 Dec.,
or at the very end of the l4th interval, that is, between 0115 and 0120
hours UT, whereas at its proparation from the distance of 30R, the pulse
onset on IMP-1 registration would correspond to the end of the 13th interval.

Therefore, ground data do not exclude the possibility that the
magnetic wake of the Earth, directed upward along the flux of solar plasma,
at sub=Alfvén flow past the Earth's magnetosphere, contributed notably to

events observed on IMP=-1,

see Table 1 oo/ee
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TABLE 1
Ob t IVMP= 1 lut Bak & ld |
servatory P Resolute er ou
~Bay Lake Alert Bay Barrow College
Element YSE X Y Y X |¥Y X |Y H 1D H| D
1" ) U.T. 0115 — 0120 | 14.5| 14 15 14 [14.514 04, 5|14.5/13.5]| 14 14.5

In conclusion, I extend my thanks to Yu. D. Kalinin for stating the
problem, discussing the work, and to E. I . Mogilevskiy for his valuable re~
marks.

x5 THE END x==
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